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Ags Summary and Recommendations. 
Four major categories of environmental problems 
confront Canada. 
(1) The qualities of our air, water and soil. 
(2) The dissemination of chemical substances 
such as biocides, fertilizers, radio- 


nucleides, preservatives, etc. 


(2)fthe gualatyiof our murnals.coumtnyeide:, 
recreational, and wilderness areas. 


(4) The quality of the physical aspects 
of our urban environment. 


Here we are mainly concerned with those environmental 
problems that are commonly associated with ence ni Lpemtut ion" 
This important class of problems originates in the residuals 
generated by our production and consumption activities. The 
achievement of effective social control of environmental 
pollution demands full understanding of the residuals problem. 

Environmental disruption occurs, ff Testis tye 11%, 
because of demographic and economic growth. As more and 
more human beings attempt to produce and consume more and 
more goods and services on a ree of limited size and 
resources, some environmental disruption is an inevitable 
result. Continued geometric rates of growth cannot forever 
be reconciled with the maintenance of an unspoiled physical 
environment. 

Most people who have thought about the matter believe 


that, given our levels of demographic and economic growth, we 


aggravate our problem of environmental disruption by 
iiioeting, danaexcessive burden on ,our environment. 

However well the market works to provide soap, 
shoes, ships and countless other things, it fails badly 
to provide the desired level of environmental Quiet y. 

LeU ibboenh aval ka ncaes a gi DR ee eae Mic Unites taletedediechapee 
of residuals from production and consumption represents 
a classical case of market failure. 

Why, doeso the market fail? It fails because some 
producers and consumers fail to take full account of the 
social costs and benefits of their actions. The classic 
example is that of the factory whose stack pours dirty 
smoke onto the surrounding neighbourhood. The factory owner 
can freely dispose of his smoke and ignore the real social 
cost inflicted on the other members of the community. The 
COSiG US wextennal to his profit-maximising calculus. 

Me, Oymersiip Of yiheenvironmental resources is 
poorly defined. The air and water are traditionally 
regarded as "common property resources", available to all 
without charge. But everyone's property is nobody's property 
and nobody has an incentive to preserve its quality. Thus 
producers and consumers can ignore the social cost of thrusting 
residuals into the environment. 

Our mechanisms and institutions for allocating 
increasingly scarce common property resources are about as 


primitive as they were a century ago when the frontier society 
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existed. The market mechanism, as we have noted, fails to 
operate automatically when property rights are poorly defined. 
Whose responsibility is it to protect the community's 
ownership rights in the common property resources? Obviously 
the responsibility belongs to the community's organs of power, 
to its governments. The root causes of environmental 
degradation through pollution lie not only in market failure 
which we have known about for decades. They lie equally and 
perhaps more egregiously in public sector or governmental 
failure. Governments of Canada, like governments elsewhere, 
have failed to protect the common property. Designing a 
strategy for environmental quality control consists largely 
in designing mechanisms and institutions to protect and 
rationally allocate the common property resources. 
Environmental degradation has serious ecological, 
health and esthetic consequences. The economic cost of water 
pellutren vin *Canadavis snot presently@great but” the costsrof 
air pollution are estimated at about $1.5 billion per annum. 
The public perception of environmental degradation in 
Canada is developing rapidly but the level of public discourse 
Teese uly Lows Officials and citizens alike lack a clear 
understanding of why environmental disruption occurs, what 
its consequences are, what the alternative ways of improving 
matters may be, and how much it would cost. 


Effective management of environmental quality requires 


(1) a clear and unambiguous delineation of property rights 
in the common property resources of the oe ena and: C2.) 
the establishment of a means to enforce those rights. 

An array of possible instruments are available to 
accomplish this enforcement; they include Annee regulation, 
pollution charges, subsidies Bd others... They operate with 
differing degrees of efficiency and equity. It probably 
matters less which instruments are adopted in what combination 
than that the matter be decided clearly, forcefully and soon. 
The present strategies for pollution abatement Stoel > provincial 
andere seral levels may be regarded as a hodge-podge of stop-gap 
measures which avoid the fundamental issue of delineating and 
enforcing property rights in the environment. 

As economic incentives for environmental quality 
control, highest honours go to effluent (or emission) charges 
and discharge warrants. The least desirable are some of the 
most frequently encountered in practice, e.g., tax breaks, 
subsidies and direct regulation. 

We have attempted to analyse the income redistributional 
impacts of the flows of services from the common property 
resources of the environment. It is the relatively affluent 
who benefit relatively more from the flow of environmental 
services with one notable exception: the services of clean 
urban air. The poor suffer most from air pollution and 
stand to gain disproportionately from an improvement in 


urban air quality. 
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Conventional wisdom has it that the costs of 
reducing environmental degradation will be very high. Our 
own estimates, on the other hand, lead us to believe that this 
is not the case, at least over a very significant range of 
improvement. 

For the economy as a whole, we believe that large 
improvements in environmental quality can be had for modest 
costs in terms of GNP foregone. The costs would appear to 
be on the same order of magnitude as a round of wage increases. 

Die@ae toenecrrordeny that it YS’ possi bie-to’ spend 
vast resources while achieving modest environmental quality 
improvements. A strategy of large-scale Federal funding of 
sewage treatment facilities and subsidisation of industrial 
eb ow l' Chey eas 6) reduction" would probably do just that. 

Bea Be Recommended Basic Federal Strategy for Environmental 
Quality Management . 

Throughout the period of this project, we have 
studied questions of grand strategy, deployment of forces 
and tactics. (Optimal -tactics of environmental quality control 
will vary greatly with time and place; no discussion of these 
is warranted here. By the demlovnent of forces, we mean 
organisational arrangements within the Federal Government and 
the funding of programs. About organisational matters, we 
have our opinions but we ‘are frankly Tess sure of our ground 
than in matters of "grand strategy". Federal funding of 


environmental quality management programs need not be great if 
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our strategic principles are adopted. The recommendations, 

then, are mainly those of basic strategy; we refrain from 

pressing our organisational preferences because we wish not 

to risk engendering hostility to our strategic recommendations. 
We recommend acceptance of the following propositions 

as part of the Federal Strategy for Environmental Quality 

Management: 


(1) It must be accepted in principle that the 
air mantle, surface and sub-surface waters 
and certain other resources that may be so 
designated, are common property resources, 
1.€., that they belong to the people as a 
collective community. 


(2) The community through its governments, must 
energetically protect its ownership rights 
in common property resources through 
institutions which are assigned that 
responsibility. 


(3) The community, through its governments, 
must employ measures designed to allocate 
common property resources in a socially 
optimal fashion. 


(4) Any use of a common property resource that 
reduces its quantity or quality should be 
regarded as an encroachment upon community 
Vio, sand. «inipranciple, sheuldanot,.be 
free. There should be no freedom or right 
to degrade common property. 


(5) The community, through its governments, 
should choose unambiguous quality standards 
for its common property resources. These 
standards should reflect the community's 
desired ambient environmental quality levels 
for all bodies of air and water and other 
resources throughout Canada. 


(6) Whatever the level of quality that the 
community strives to achieve in any given 
part of the environment, it should be achieved 
with maximum efficiency, 1.e. with the 
minimum sacrifice of other desirable goods, 
services and public objectives. 
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(7) The income redistributive effect (among regions 
and economic classes) of alternative programs 
affecting the environment should be taken 
explicitly into account at the planning and 
operational stages. 


Additional components of the basic strategy follow: 
(8) The Federal Government should strive to 
achieve environmental quality objectives 
by decentralising decision-making to the 
lowest level where it can be done effectively. 
We see no merit in building large and expensive 
regulatory bureaucracies unless it is absolutely clear 
that they are necessary. The essence of the decentralised 
approach is that the information confronting producers and 
consumers should induce them to take full account of the 
BOctal costs of thein, actions, 
(9) The Federal Government should make use, 
and encourage the provinces and various 
regional environmental agencies to make 
imaginative use of taxes and charges as 
instruments of residuals management control. 
To place a charge on residual discharge or, where 
this is not feasible, to impose a tax on pollution-intensive 
products, processes or materials, is to put the incentives 
of producers and consumers in the right place. 
(10) The regional nature of most environmental 
problems and local differentiation of 
tastes, perceptions and tradeoffs between 
environmental quality and other objectives 
should be recognised by the Federal Government. 
Regional differentiation of costs and benefits of 


environmental quality implies a regional approach to its 


management. 
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(11) We recommend that the Federal Government 
encourage the creation and effective 
operation of regional or "problem shed" 
environmental management agencies. 


(12) In general, we recommend that the Federal 
Pole be One of encouragement, of support 
to and cooperation with local organs of 
government gin erforts to mount effective 
programs of environmental quality management 
rather than of pre-emption and unilateral 
action. 


Only where the national interest is clearly at 
stake and the provinces are unable or unwilling to cooperate, 
admittedly a difficult Sue Bee determine, should the 
Federal Government act unilaterally. 


(13) The Federal Government should take the 
initiative and, with the provinces, 
establish a nation-wide environmental 
quality monitoring system. Parts of such 
a system now exist, but it should be 
ereatly strengthened. 


(14) The Federal Government should issue an 
annual report on the state of the environment. 
This should be a comprehensive review of 
relevant environmental matters and of 
Significant changes in environmental 
duality: over the year. It should be comparable 
in scope, objectivity and quality to 
the Report of the Economic Council of Canada. 


(15) The Federal Government should conduct and 
disseminate special studies of environmental 
problems in Canada. These again, might be 
modelled after the various studies and 
Tevon s Or the, Loonomie: Councen.. 

The Federal Government should conduct and sponsor 
an expanded program of research into important problems of 


the environment. The objectives of this research should be 


explicitly formulated. Among the major categories would 
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be (1) to learn more about the impact of environmental 


degradation on receptors, (2) to learn more about the 


damages suffered by groups of people, (3) to learn how 


residuals can be managed more effectively, and (4) to 


induce private industry to adopt pollution-reducing 


innovatzons. 


(16) 


Gir?) 


(3) 


The Federal Government should disseminate 

to regional environmental management agencies, 
information about setting standards, 

effective instruments, technology, planning 
techniques and control systems so that they 
can function most effectively. 


The Federal Government should serve as a 
clearinghouse in Canada for data, technology 
of control, research results and other 
relevant information produced in Canada and 
abroad. 


The Federal Government should work to 
strengthen the ability of private citizens 
to employ legal means to protect common 
property resources. 


We propose that local organs of government and 


private citizens be authorised to go to court and challenge 


activities that, prima facie, infringe upon common property 


rights. 


CES) 


(20) 


The Federal Government should carefully 
review all of its operations to see that 
they conform to its own and local environ- 
mental standards. 


Large-scale Federal subsidisation of 


municipal and industrial waste treatment 


facilities is not desirable, per se, as 
part of the Federal program of environ- 
mental quality management. 
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In, principle, municipalities and industries should 
bear the cost of their own waste treatment. Exceptions to 
this would be for demonstration or pilot projects. 

(21) Government agencies with jurisdiction 
in environmental quality management should 
systematically provide for studies of 
both public and managerial perceptions 
and attitudes as a normal part of any 
process of policy formulation, program 
development, project design or planning. 

Studies of perceptions and attitudes should be used 
aS a means of providing new inputs of data into the management 
of environmental quality and such data should be regarded 


as part of the standard requirements fully comparable in 


Significance with engineering and economic data and analyses. 
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pas The Nature and Scope of the Problem 

The "environment", in its broadest meaning, is a 
very catholic concept; for each one of us, it embraces the 
entire universe outside of ourselves. To pose the problem 
of improving environmental quality, in this broad sense, is 
but to reword the problem of improving man's lot. We will 
make little progress with such a sweeping definition. 


The environment, as it is understood in this Report, 


means man's physical habitat.:! With his five senses, man 
perceives his environment. AS nereats drinks sand breathes , 
he imbibes it. He and his fellow living things depend upon 


and sustain the intricate web of interdependences which, 
the ecologists have taught us, is the spaceship earth. 

By applying his growing wealth and improving 
technology, man has raised the quality of his environment 
in many ways. The scourge of infectious childhood disease 
has been lifted. Better housing and transportation ameliorate 
the rigors of climatic extremes. Wealth and technology make 
possible quantities and qualities of foods, leisure time, and 
cultural and recreational opportunities that were only dreams 
for previous generations. 

Two blights mar our success: (1) the benefits of 
prosperity are badly shared among classes and regions within 
Canada and among the countries of the world. (2) Side effects 


of economic and demographic growth and of technological advance 
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work to despoil our water, air and soil and to destabilise 
the ecological system of which we are a part. 

The purpose of Section 2 is to pose and answer 
(as well as the present state of knowledge permits) several 
questions vital to the formation of a Federal Strategy for 
Environmental Quality Control. Those basic questions are: 


(1) What kinds of environmental problems 
CONT Ponies ¢ 


(2) What causes environmental disruption? 
What about the operation of a modern demo- 
economic system creates the problem? A 
clear diagnosis of the illness is absolutely 
vital to the design of a remedy. 


(3) What are the eonsequences “of environmental 


disruption? 

How serious are they? What are the 

effects on human health? What are the 
esthetic and psychological impacts? What 
are the economic costs? What are the major 
gaps in our knowledge? 


(4) Who gets hurt? 
Are the damaging consequences of environmental 
disruption evenly distributed over our 
poputation: 7 Tf not which" sPpoupseor people 
get more than their share of the burden? 


(5) Who cares and how much? 
How amportantiy dor environmentaliprobiems 
loom among all the things that worry the 
Canadian people? Which groups of people 
ares concerned : How well-informed are people? 
What political pressures arise from 
environmental problems? 


akon hae The Major Kinds of Environmental Problems. 
There is no need here to launch a detailed description 


of the various environmental problems that beset the Canadian 
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people. Even casual readers of the press and viewers of 
television have impressions of environmental degradation. 
On a more systematic level, many Federal officials will 
have before them the comprehensive study prepared by 
J.W. MacNeill (Department of Energy, Mines and Resources) 
entitled "Environmental Management and the Constitution 
of Canada". 
Four major categories of environmental concern 
are evident in recent discussion: 
VEPinerGualittes Of Our alr, wateryand soil. 
(2) The dissemination of chemical substances 
such as biocides, fertilizers, radio- 


nucleides, preservatives, etc. 


(3) The quality of our rural countryside, 
recreational, and wilderness areas. 


(4) The quality of the physical aspects of 
our urban environment. 


Here we are mainly concerned with those environmental 
problems that are commonly associated with the term "pollution". 
This important class of problems originates in the residuals 
generated by our production and consumption activities. The 
achievement of effective social control of environmental 
pollution demands full understanding of the residuals problem. 

Nearly every production and consumption activity 
leaves some material and energy that is unwanted waste. Flue 
gas, junked cars, garbage, offal, sewage, industrial wastes; 


these are but a few of the wastes thrown out by our society. 
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Only two things can be done with waste: dispose of it or 
recycle it back to productive use. And there are only 
three basic disposal activities; burn it, bury it or wash 
it away. All three thrust waste matter or energy into 
the environment. The air, soil and water are asked to 
assimilate the wastes, to take them away from where they 
are, not. wanted. 

As ambient concentrations of wastes build up in 
the environment, they become increasingly incompatible with 
other uses of the air, soil and water. Toxic wastes 
poison plants and animals and disrupt ecological systems; 
the air becomes unsafe to breathe and the water foul to 
drink; esthetic and recreational values decline; economic 
activities that require clean water or air must pay purification 
Conve sOrUve Loca t é:, 

If we wish to reduce pollution and improve environmental 
(ued Ty Wweamustydogtwo things: (1) discharge less waste into 
the environment and (2) be much more selective about what, 


where, when and how we discharge. 


HA oes ae The Causes of Environmental Disruption. 

Perr onnmenta disruption occurs, first of all, 
because of demographic and economic growth. As more and 
more human beings attempt to produce and consume more and 
more goods and services on a planet of limited size and 


resources, some environmental disruption is an inevitable 
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pesu lt? Continued geometric rates of growth cannot 
forever be reconciled with the maintenance of an unspoiled 
physical environment. 

Most people who have thought about the matter 
believe that, given our levels of demographic and economic 
growth, we aggravate our problem of environmental disruption 
by inflicting an excessive burden on our environment. We 
pollute our air and water beyond what most of us think is 
desirable, we drive species of wildlife needlessly to 
extinction and we endanger our own ecosystems. We degrade 
our environment more than "necessary" to produce and consume 
what we do. Why? The answer lies in a serious malfunction 
of our economic system. 

The market economy performs well in many ways. 

It measures consumers! demands (what they are willing to pay 
for various goods and services) and transmits this information 
to producers. Producers, in turn, observe the prices that 
they must pay for inputs (labour, materials, etc.) and 

produce a pattern of outputs that they think will earn them 
the best return. If a commodity is in scarce supply, its 
price will normally rise; this simultaneously discourages its 
consumption and makes it increasingly profitable for producers 
to provide it. Conversely. ~2f ani anput is scarce,.aits 

rising price tends to discourage its use and provides incentive 
to producers to find Gubetitutes: for 2t. The market is an 


equilibrating mechanism that, for all its imperfections, does 


a better job of satisfying human wants than any other 
economic system yet devised. 

But, however well the market works to provide 
soap, shoes, ships and countless other things, it fails 
badly to provide the desired level of environmental quality. 
Pollution of the environment by the unrestricted discharge 
of residuals from production and consumption represents a 
classical case of market failure. 

Why does the market fail? It fails because some 
producers and consumers fail to take full account of the 
social costs and benefits of their actions. The classic 
example is that of the factory whose stack pours dirty 
smoke onto the surrounding neighbourhood. The factory owner 
can freely dispose of his smoke and ignore the real social 
cost inflicted on the other members of the community. The 
cost is external to his profit-maximising calculus. Traditional 
economic theory regarded external costs as freakish anomalies 
which affected isolated parts of an otherwise smoothly working 
economic system. We are now coming to recognise that these 

"externalities" are pervasive.in complex, industrialised 
societies. 

Aircraft overhead inflict noise on those below. 
Generating stations dump sulphur dioxide into the air and 
heat into the water. Automobiles emit noise and a host of 


noxious fumes. Upstream factories inflict costs on down- 
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stream fishermen. Ugly buildings cause esthetic displeasure. 
We live in the spillover society. 

Not all external costs remain that way. Those on 
whom the costs are inflicted may approach the offender and 
force him or pay him to cease his offensive actions or seek 
compensation if he continues them. The fishermen injured 
by pollution from upstream may organise to pay the factory 
to cease polluting or to extract damages if a reasonable 
price fails to stop him. Such bargaining between offended 
and offender may "internalise" the external costs. But we 
immediately perceive the artificiality of words like "offended" 
and "offender"; if the fishermen are of fended by bhe factory 
whose effluent discharge impairs their fishing then so is 
the factory offended by the fishermen whose fishing impairs 
the water for waste disposal. The externalities are 
reciprocal and, in fact, we have different would-be users 
competing for the water. ipisient. wedhaveda tresounce 
allocation problem. 

Why do markets not arise to internalise all 
externalities? First, because the costs of organising 
and bargaining (transaction costs) may be too high relative 
to the benefits expected by the interested parties. Second, 
because many sorts of environmental quality are "public 
goods"; Once the good exists, many persons may experience 


benefits while detracting little or nothing from what others 
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can enjoy. Furthermore, it may be difficult or impossible 

to exclude anyone from enjoyment of the benefit; if this is 

SO, no charge can be made to users and no private producers 
can hope to profit from providing the good. MThird, markets 
may fail to arise because the ownership of the environmental 
resource is poorly defined. The air and water are ee ee 
regarded as "common property resources", available to all 
without charge. But everyone's property is nobody's property 
and nobody has an incentive to preserve its quality. Thus , 
public commons, but not private pastures, are usually over- 
grazed; herds of wildlife, but not of domestic animals, are 
plundered; public beaches, but not private ones, are despoiled. 

Let us summarise and re-emphasise the essential 
core of the matter. Many parts of the environment are 
common property resources. The air mantle above, the waters 
of our oceans, lakes 20! streams together with their aquatic 
biota, the forests of our northland, the wildlife, the rock 
and sand and ice of our coasts; they belong to the people as 
a community. 

By long tradition, private individuals have been 
permitted to appropriate to themselves parts or qualities of 
the common property resources. By. hunting and? fishing.. 
harvesting timber, extracting ore, diverting water, floating 
logs, floating ships and pleasure boats, and discharging 


residuals, individuals have filled their own plates from the 
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common pot. 

Obviously, many of these uses of the common property 
are mutually incompatible. That does not matter much when 
population density is light relative to the quantities (of 
the common property available. In a frontier society, one 
man's exploitation of nature denies his neighbour practically 
nothing because there is plenty and more for all. But as 
population becomes more dense and rising consumption levels 
require more resources per capita, competition increases 
among incompatible users to avail themselves of. the common 
property resources. 

At this time of growing competition, our mechanisms 
and institutions for allocating the increasingly scarce 
common property resources are about as primitive as they were 
a century ago when the frontier society did exist. The 
market mechanism, as we Rave noted, fails to operate auto- 
matically when property rights are poorly defined. By 
default then, a great advantage lies with the user of the 
common property resource whose use is pre-emptive. By 
"Dre-emptive", we mean the power to unilaterally appropriate 
the desired quantity or quality of the resource and, thereby, 
to deny use of the resource to users whose use is incompatible 
with the pre-emptive one. In the example cited earlier of 
the upstream factory (whose use of the stream is for waste 


disposal) and the downstream fishermen (whose use is as the 
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habitat of fish), the factory's use is pre-emptive because 
the act of discharging effluent harms the fish whereas the 
act of fishing in no way harms the waste disposal properties 
of the water. 

Waste disposal uses of common property resources 
are pre-emptive. Lacking explicit mechanisms for allocating 
those resources among competing uses, we should expect to 
find pre-emptive uses tending to crowd out all incompatible 
uses. In=Pact we mc ret erat From a social point 
of view, then, we have too much of the pre-emptive uses (2,0. 
waste disposal) of the common property resource and too 
little of the competing, non-pre-emptive uses (e.g., esthetic 
enjoyment, recreation and breathing clean air). 

Whose responsibility is it to protect the community's 
ownership rights in the common property resources? Obviously. 
the responsibility belongs to the community's organs of power, 
to its governments. The rect Causes of environmental de- 
gradation through pollution lie not.only in market failure 
which we have known about for decades. They lie equally and 
perhaps more egregiously in public sector or governmental 
failure. Governments of Canada, like governments elsewhere, 
have failed to protect the common property. Designing a 
strategy for environmental quality control consists largely 
in designing mechanisms and institutions to protect and 


rationally allocate the common property resources. 
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22a The Consequences of Environmental Disruption. 

The pollution of our environment with residual 
matter and energy directly affects people, animals, plants 
and inanimate objects. Harm done to the non-human 
receptors indirectly impacts people to a greater or lesser 
extent. We now turn to examine the consequences of 


environmental disruption for human and non-human receptors. 


PEE EAE Ecological consequences* 
-Man depends on the ecosystem for food, air, 

water, materials, recreation and esthetic values. The 
ecosystem is a set of complex, multi-levelled inter- 
relationships among many organisms. These inter-relationships 
are based oe food chains (extending from the lowly phyto- 
plankton and zooplankton up through higher levels of predators 
to the large carnivores - of which man is one), nutrient 
recycling ("earth to earth, dust to dust, ashes to ashes") 
and energy flow. 

The most basic ecological Tag at of ampact of 
pollutants is on green plants - the primary producer for all 
ecosystems. Sulfur dioxide, for example, by killing vegetation 
in an area destroys the food for all higher levels in the food 
chain and also for man. Aquatic ecosystems are also vulnerable. 
Pollutants such as herbicides or other biocides in a lake can 


kill the algae on which the fish depend for food. 


*More detail and a listing of sources may be found in E.Q.M. 
Working Paper #13, "Ecological, Health and Resource Implications 
of Environmental Disruption", Systems Research Group, 

May, .L£S70- 
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Similarly, a pollutant that affects not the plants 
but rather the primary consumers (herbivores) will not only 
kill those animals but will remove the food which they 
provide for the secondary consumers. A good example of 
this is a broad spectrum insecticide which kills many types 
of insects and leaves a great shortage of food in the 
environment for the insectivores. A link has been removed 
from the food chain, energy flow interrupted, and the balance 
upset. Pollutants which act at a specific level in the food 
chain affect (1) the target level, (2) the ones above through 
lack of food, and (3) in some cases, the levels below because 
natural predation 1s removed and the population may first 
explode and-later crash when it has overcropped its resources. 

We also add many poisons to the environment that aye 
not specific, but affect a broad range of life forms. Some 
examples are cyanides, arsenic, zinc, copper, acids, alkalis, 
O11, pesticides and many. others. These reduce the numbers of 
most animals although a few forms may be able to survive. 

The effect of organic water pollution is somewhat 
Similar. When any organic matter is put into water, micro- 
organisms consisting of fungi and bacteria go to work to 
dueanepes the material into simpler molecules. This 2s se 
natural and essential process for disposing of waste ‘and re- 
eyoling “of nutrients: The process of decay involves the 


uptake of dissolved oxygen from the water for the oxidation 
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of the organic matter. A biological oxygen demand or 
BOD is thereby created. When too much organic matter 
is dumped into a body of water most of the oxygen is used 
up and deoxygenated water results. Oxygen produced by 
photosyntheses or diffusing in from the air cannot meet 
the demand. Fish and other organisms may die from lack of 
oxygen, especially in the deeper waters of a lake. A 
variety of wastes including sewage, pulp mill effluent, sugars, 
milk wastes, food processing wastes, manure, and others can 
impose a biological oxygen demand upon the SS eta: 
Desirable life including bottom-dwelling insect larvae, 
sport fish, zooplankton, mollusks and even aerobic bacteria 
are wiped out and replaced by sludge worms , anaerobic 
bacteria, and perhaps carp or other coarse fish. A healthy 
balanced ecosystem has been drastically changed and simplified 
because its ability to decompose and recycle waste was 
overloaded. 

In both chemical and organic pollution we witness 
the disappearance of a large number and diversity of species 
and the emergence of a few life forms which are adapted to 
the polluted conditions. The ecosystem goes from a diverse 
and complex state to a simple and much less stable situation. 
It becomes less useful to man and, if deterioration continues, 
the system may become a cesspool of anaerobic putrefaction 


or a settling pond for chemicals. 
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A different form of pollution is caused by chemical 
pesticides. There are the twin hazards of immediate 
poisoning and of the biological concentration of these 
poisons to very high levels in aquatic and terrestrial 
food chains. At the time of, application, many target 
organisms may be killed including species of beneficial 
insects (bees, ants, mantis, etc.) and other invertebrates, 
as well as birds and mammals that receive large doses. Thus 
the ecosystem has been spotted with missing species and 
cannot function normally. Furthermore, the removal of 
natural predators, combined with possible resurgence of 
the pest due to mutation and selection may create an even 
more serious imbalance. A persistent pesticide may 
remain in the ecosystem for long periods while it travels 
upward through food chains in sub-lethal concentrations 
until it reaches some ot the carnivores where it is concentrated 
sufficiently to produce death or affect hormonal. systems, 
behaviour, the nervous system and reproduction. The 
survival of the species may be jeopardised. Again, species 
are missing, food chains and recycling systems are incomplete, 
the ecosystem is simplified and may approach collapse. 

An ecosystem can be endangered not only by poisons 
and wastes but also by excessive nutrient material. The 
process of man-induced eutrophication is a good example. 


The dumping of large quantities of nutrients (primarily 
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phosphates and nitrates from sewage, detergents and fertilisers) 
into our lakes can stimulate an imbalance -- an overgrowth 

of algae formerly controlled by limiting: quantities’ of 
nutrients. The increased algae aah may briefly increase 
fish *yiSldst but’ Vissoeon creates problems because the algae 
must be decayed as it dies and falls- to the bottom. Again, 
large quantities of organic matter rob the water of its 
oxygen as decomposition occurs. The lower waters become de- 
oxygenated and desirable fish species and other aquatic life 
disappear. The lake becomes shallower as organic matter 
builds up. and the water becomes increasingly choked with 
algae. Anaerobic conditions at the bottom of the lake 
remove phosphate fromthe mud and *put’ it *back@into solution 
tor compound the problem further. Eventually, the. lake 
approaches its "death" as a swamp. 

The foregoing are some of the more familiar and 
widespread examples of ecosystem damage. Other, examples 
include: fluoride air poisoning from phosphate plants 
resulting in "burned" vegetation and fluorosis in farm 
animals and man; polychlorinated biphenols (PCB's), synthetic 
compounds Used in’plastics, brakefluids, and other products, 
which concentrate in ecosystems like DDT and have much the 
same physiological effects; mercury which enters ecosystems 
and Rn ee to lethal levels; sulfur dioxide fallout 


turning lakes very acid and killing fish; fertiliser suppression 
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of essential nitrogen converting bacteria in soil, and many 
OLners. 

Wie aa Or Lhe cases clted dbove, Tiving organisms 
are affected or killed by pollution, the ecosystem weakened 
and made less stable, and environmental disruption occurs. 
For the human species, the environment is less able to 
Supply food, clean water, transportation, recreation and 
esthetic pleasure. Qualitatively, we know much about the 
damage that is done although vastly more research is needed. 
Quantitatively, we are beset with a’crippling lack of reliable 
and systematically collected data on the ecological impact 
of polmetion. We perceive the existence of what appears to 
be a major problem but much more study is needed to gauge 


its magnitude. 


Na te Ar Human health consequences* 

The civeot health effects of pollution, 
especially pesticides and air pollution, are still being 
researched in many areas. Because direct clinical experiment 
with humans is unethical, potentially dangerous and illegal, 
much of our evidence comes either from experimentation on 
laboratory animals or the epidemiological analysis of exposed 
populations and comparisons with non-exposed or less exposed 
eontroal eroupe. In both cases, the categorical proof of 


causal linkage between pollution and human health is difficult 


*More detail and a listing of sources may be found in E.Q.M. 
Working Paper ¢13., "Ecological, Health and Resource 
Implications of Environmental Disruption", Systems Research 
Group, Mayoe1970. 
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or impossible. 

Some health hazards from polluted waters have been 
well established for years. Exposure to human sewage can 
result in such diseases as cholera, dysentry, typhoid 
fey tieeetious bepatatis, polio, sand.a, longs liet..of other 
bacterial and viral diseases, as well as parasitic infections 
by various worms. Many of these diseases, especially 
dysentry, run rampant in tropical areas with poor sewage 
treatment. In the more advanced countries, an effective 
barrier seems to have been created by chlorination Of- poorly 
treated sewage and of water supplies. Increased loading 
of sewage into our natural waters and an upper limit to the 
amount of chlorine that may be added could break this hitherto 
effective barrier and result in serious disease outbreaks. 
Furthermore, viruses are affected only to a very small degree 
by chlorination practices. 

Another threat are the chemical poisons which AAs 
their way into our water and the food we obtain from the water. 
Most of these come from various manufacturing processes and 
most are toxic to man in relatively small quantities. An 
incomplete list includes: chlorine (laundries, paper mills, 
textiles), ammonia (gas, coke, pe eee fluorides (glass 
etching, flue gas scrubbers, atomic energy, fertilisers, 
phosphates for detergents, refineries, transistors, ceramic 
plants), cyanides (plating, case hardening, metal cleaning, 


dyes), arsenic (mine tailings, insecticides, and some manufacturing), 
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lead (gasoline, batteries, paint and mine wastes), zinc 
(galvanising, plating, rayon, and rubber processing), 
mercury (chlor-alkali plants, pulp mills, plastic 
manufacture and fungicides), nitrites, radioisotopes 
(atomic generator wastes and atomic bombs), and others 
less important, less common, or even worse, unknown. 
Besides being present in water in quantities which may 
be directly poisonous when ingested, certain of these 
and other chemicals can be concentrated by animals or 
plants which we eat or by people who receive small doses 
over a period of time. Insecticides and mercury are 
current examples of the disturbing phenomenon known as 
biological concentration or magnification. 

the medical eitects of air pollution are less 
well established than the foregoing. Epidemiological 
research has, nevertheless, illuminated correlations between 
mortality and morbidity of various kinds and the frequency 
and intensity of air pollution. During times of atmospheric 
inversion, pollutants build up to a level that is not only 
irritating but also causes severe distress to people with 
respiratory and cardiac problems. The principal agents 
responsibie are believed to be sulfur dioxide and particulate 
matter. 

Temporal changes in mortality rate in London correlate 
with temporal changes in these agents. The same pattern 


has been observed in New York by correlating deaths with air 
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pollution levels. Recent research has shown that the 
effects of sulfur dioxide and nitrogen dioxide can be 
detected statistically on such diseases as gastrointestinal 
cancer down to very low concentrations (less than 10 micro- 
grams per cubic meter) which are now exceeded in many cities. 
The primary action of nitrogen and sulfur oxides is probably 
by means of mutagenic effects of the strong acids they form 
on contact with moist tissues of humans and other organisms. 
smoke levels are correlated with lung cancer and bronchitis, 
cities usually having double the rate of rural areas. Certain 
hydrocarbons are correlated with pneumonia and Cancers. 

Trace elements, such as vanadium, zinc, and lead which are 
found in many urban atmospheres correlate with cancers, 
bronchitis, and pneumonia. 

The statistical evidence linking air pollution with 
some diseases (e.g., bronchitis, lung cancer, and other 
respiratory diseases) is very strong. A survey of epidem- 
iological studies in the United Kingdom and the United States 
indicates that the death rate from lung cancer is from 26% 
to 123% higher for urban dwellers. compared with rural dwellers 
even after standardising for age and smoking. A recent study 
of 114 U.S. metropolitan areas concluded that 25% to 50% of 
bronchitis morbidity and mortality could be ascribed to air 


pollution.* 


*1,.B.Lave and E.P.Seskin, Air Pollution and Human Health, 
Carnegie-Mellon University, Graduate School of Industrial 
Admanaetpati one ors. 2e70s) pe. 
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For other diseases (e.g., cardiovascular disease, 
non-respiratory cancers, fetal and infant mortality) the 
evidence of linkage with air pollution is, as yet, only 
Suggestive. 

te ceems, tO Us ythat no reasonable person can 
examine the relevant epidemiological literature and fail 
to conclude that there is strong presumptive evidence 
linking air pollution causally with serious increases in 
human morbidity and mortality. Many scientists and medical 
MeMare very coneerned about the long term chronic effects 
obveir pollution. We are the subjects of a long term 
experiment the results of which we will not know for some 
years. Furthermore, the experiment is being intensified, 
as is shown by the Table 1. 

Another set of environmental contaminants that 
can directly affect es health are the biocides. Most 
biocides are poisonous to us, in many cases we are not sure 
why other than that ee often act on the nervous system. 
Large oral doses of most biocides will bring quick and 
painful death. Some are much more toxic than others. 

Some can even be absorbed through the skin and breathed 
in to produce death. 

Most Canadians are not subjected to these lange 
instantaneous doses but receive instead small chronic doses 
through our food, water, and air. Numerous studies on wild 


animals, especially predatory birds and fish, have shown that 
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Table l 


(1) 


Projections of the Output of Air Pollutants in Canada 


Pollutant 49°70 1980 factor .0£ + <2000 A ractor Of 


increase increase 
from 1970 from 1970 
co etenslg? || houOment0° ras 22.3 x 10° 2.8 
6 6 6 
SO,, SO 2.9 x10 Aer LO A Gee BED) 260 
Hydro- 5 5 5 
carbons Bee LO Lig se LO Le Pipes. oe S| Ze 
NO. eerie TAG Ey anae el Soar sia, an 
Particu- 5 5 5 
lates 6 Ons LO O22. x 10 ees PXODnIL Fe IO 324 
Other 4 4 4 
organics bwecics LO 9d, XP LO Le 19.5 x 107 33 
(tons 
annually) 


* these are rounded off 


(1) Based on output from the S.R.G. Waste Production Model. 


biocides, particularly DDT and related compounds, affect 
hormone systems, liver function, and reproductive capabilities. 
Recent studies show that human health may be affected by the 
build-up of biocides in our bodies. This 1S especially 
true of DDT which has reached an average level of 12 ppm 
in North America. Recent en ee on laboratory 
rats have shown conclusively that DDT can cause various 
types of Gancer., Furthermore, the amount of DDT in 
human bodies has been positively related to the incidence 
Of cancer ewes peedaliveot the liven, and to other fatal 
disorders such as cirrhosis of the liver. 

We know too little about the health effects of 
most poelLlhitants: Many fear that eeeerene incidence 
of cancer, respiratory problems, and congential deformities 
may be due to various pollutants. We need energetically to 
support research into the impact of pollutants on human 
health at the same time that we seek to diminish the quantity 


of Nermiul pollutants that reach human bodies. 


Zea ee Economic consequences. 

We have attempted to measure the economic damage 
costes due to pollution in Canada. In doing so, we have 
encountered several kinds of difficulties. First, those 
damages of an esthetic, ecologic and recreational nature 
present serious conceptual difficulties. What is the cost 


of viewing polluted city air or smelling the foul stench 
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of an anaerobic body of water? Does the extinction of a 
Spocie a e.0.w tie bald eagle, or the great auk) impose a 
exe Shain ts If so, on whom and how much? What is the economic 
Pepe tr oe pol lution, tna recreational area (é.g.., the 
Kawartha region)? Second, there is an extreme shortage 
of data available to measure certain pollution costs that 
are conceptually straight forward. 

The estimates that follow are in no way exact. 
They may contain errors up to 50% of their magnitude. 
They are indicative of the order of magnitude of the 
economic costs of environmental disruption but they should 


be used with circumspection. 


asin toe, The costs: of water pollution. 

Industrial uses of water include processing, 
cooling and waste disposal. On average, about 66% of 
industrial water withdrawal goes for cooling purposes. For 
this, “theriqualiity of -the,watersis mot ge Vr taney For 
boiler use, the presence in water of natural salts that 
must be removed means that even water of drinking quality 
must be treated. Only the increased costs to obtain good 
processing water bear significantly on industry. Our 
estimate is that the economic damage to industry of water 
pollution is negligible. 

Surprising ly Simnidanmesconclision appliest to 


municipal water supplies. Much of the concern about the 
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need for high quality source water from which to produce 
potable water is a matter of emotion, not of logic. Modern 
water treatment systems can produce suitable drinking water 
from liquids that most laymen would suppose to be polluted 
beyond recall. And, they can do teat small increases 
in cost above what is necessary to treat water from the 
purest surface ysources: Exceptions stotthis, sas noted 
previously, are certain viruses and toxic materials. In 
any Gane.) UEEsenotopessiblegtandsszenoheavyncosts of 
municipal water treatment to pollution. 

thes@anadi aneintandncommeretal ifishing*tindustry 
has been seriously affected by water pollution. Lake 
Erie, an important source of high quality fish in earlier 
years, has been the most adversely hit by increased pollution 
bevels: Changes in the Lake Erie catch show that the stock 
of high quality fish has been depleted and replaced by fish 
of lower quality. Pheseeamenuse trues ito aclesser extentigor 
Lake St.Clair and the lower part of Lake Huron. Tie edo 
value of the Canadian commercial catch from Lake Erie, 
Lake St.Clair, Lake Ontario, Lake Huron and Georgian Bay is 
abouts $ 5a6emeh lone This puts an extreme upper bound on the 
annual economic damage that would be sustained by the Canadian 
fishing industry in the lower Great Lakes if pollution were to 
eliminate one industry entirely. Inutactsze because muchnogethe 
labour and capital would find remunerative alternative 


employment, the actual economic damage to society would be 
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much less, perhaps less than $1.0 million. 

The present value of the annual commercial fish 
catch in the St.Lawrence between Montreal and the Gulf 
of St.Lawrence amounts to about $0.6 million. Taps oe 
also threatened by pollution. Commercial fishing in 
Lake Winnipeg also has been ergot red, 

Coastal fishing areas have suffered pollution- 
induced declines in revenue as well. Examples abound in 
British Columbia, Nova Scotia and Newfoundland. 

Despite the undeniable pollution damage to Canada's 
inland and coastal Lishing: andustries, 1 is not now possible 
to make large dollar estimates of this damage. An estimate 
of $2.0 million annually seems reasonable. It seems doubtful 
that much investment in water quality could be justified on the 
basis of its present economic value to commercial fishing. 

In the future, when human population increases its pressures 
on world protein supplies, the situation could be entirely 
different. 

Water pollution wreaks its greatest damages on 
recreation and the tourist industry. As mentioned earlier, 
the estimation of damage costs to recreation is extra- 
Oraemary ty atrt Leu Lt. A repetition elsewhere in the 
region of the damage to the recreational value of Lake Erie 
would force people in Canada's most populous region to undergo 


greatly increased expense to find equivalent recreational 
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opportunities or to do without them. 


The most significant empirical investigation of recreation 
losses relative to other services lost, such as municipal or 
industrial water supply or fisheries, comes from the Delaware 
Estuary Comprehensive Study.* That study indicated that economic 
Savings in the treatment of municipal water supplies were slight 
although intangible esthetic gains were likely in the form of 
Deltora vane crarcolour Of drinking water. "Higher water iquality; 
particularly higher levels of dissolved oxygen, brought higher 
costs for industrial water users because it made the water more 
corrosive in industrial systems. A recent study of a proposed 
water quality improvement on the Merrimack River also indicated 


that recreation benefits exceeded water supply benefits. ** 


eae eG eae The costs. of sin pollution 


In contrast to water pollution, the evidence linking 
air pollution with identifiable economic costs is much stronger. 
In a recent study, Dr. Richard Zerbe estimated the total economic 
cost of air pollution for Canada as a whole, the province of 


Ontario, and the city of Toronto. *** 


wi UMGeoWepartiment or the Interior, Federal Water Pollution Control 


Administration, Delaware Estuary Comprehensive Study, 
Philadeiipn tas, | 1oe6%,. ppswedib-81. 


**: See Clifford S$. Russell, "Municipal Evaluation of Regional Water 
Quality Management Proposals", in Robert Dorfman and Henry 
Jacoby, Models for Regional Water Management, forthcoming. 


Pickard Serpe, Ur...) ne ceonomics of Aim Pollution: A Cost- 
Benefit Approach, unpublished manuscript, 1970. 
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Lepbe approached the calculatnon“of cost figures 
related to air pollution in two ways; first by means of 
a total cost multiplier technique based on the estimation of 
a damage function for each specific activity affected by air 
pollution, and secondly, through changes in residential 
property values as indicative of the effect of air pollution. 
Each approach has been used previously with some success in 
the United States. 

The air pollution level was based on the amount of 
SO, particulate matter, and dustfall in the air. zZerbe 
included in the Toronto area study a variable for S50, Levy e us. 
and dustfall levels, but omitted the dustfall variable in his 
work on Hamilton. He was aware of the limitations of relying 
levels though. as he points out, 50. Levels are 


2 2 
highly correlated with other pollutants, notably nitrogen oxides. 


mainly on SO 


Total annual per capita costs of air pollution in 
Canada, Ontario and Toronto were estimated by Zerbe to have been 
$52, S7lv’and $94 in 1965 (see Table 2). By 1980, if present 
trends continue, Zerbe estimated that the per capita annual 
costs Will vise toesosn, S257 and $1,665" for Canada, Ontario 
and Toronto. 

More relevant, however, are Zerbe's computations of 
the incremental costs of more air pollution. He estimated 
that for each mg. increase of SO, per hundred cubic meters per 
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day would reduce the value of a detached single family residence 
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in Toronto by $966 and by between $900 and $1,800 in Hamilton. 
Tnis compares with an estimate of $980 made by Ridker for 
ee 
On the basis of Zerbe's computations, we estimate the 
total annual economic cost of air pollution in Canada now at 
abpuis 1.5 5.6bi1145 on. Even if this figure should be high by 
twice, the cost would amount to $750 million per annum, a very 
expensive cost. 
The recent careful study by Lave and Seskin estimated 
Tie eer OP Aenea COSTE OL ain. pollution in anoreasing 
morbidity and mortality in the United States was $2,080 million.** 
This figure is based mainly on the value of foregone earnings. 
Oner tem ol.this (5.46. ,,, 5208 mid lon) 1s. fargabove Zerbe's 
estimate of $47 million as the health cost of air pollution 


in Canada. This leads us to regard as conservative, Zerbe's 


estimates of the economic costs of air pollution. 


Diva ie Esthetic consequences. 
We have already argued that esthetic and 
recreational damage is the most significant economic consequence 
of water pollution. The esthetic consequences of polluted 


common property resources is all too obvious. Raw sewage, oil 


# RC Pidven. Frosnomics, Uosts.on Airurollutions. Praeger, 
New York. L907. pisos: 


Lave and Seskin, op.cit., p.23. 
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and industrial effluent floating in the water, destroys the 
beauty of our lakes and rivers. Foul ain causes displeasure 
to those who breathe it even when there is no health hazard. 
Netsesperlitionvdreturbs “ENé (owner Yor “the “ears “it hits and 
causes psychic discomfort even if it leaves hearing unimpaired. 
Abandoned automobiles, junkyards and dumps blight the beauty 
of the rural scene. 

Obvious though these esthetic and amenity consequences 
may be, they are extremely difficult to measure. Because 
many esthetic services of common property resources are 
public goods par excellence, it is impossible to charge for 
providing them. Where private appropriation of amenity 
rights is possible, e.g., by the purchase of lake frontage, 
the prices and rents of such property provides a clue to the 
value people attach to esthetic benefits. Observation of 
high and rising real estate prices in the Muskoka, Kawartha 
and Haliburton tourist areas indicates the growing value 
placed on recreation services. 

Here we can do little more than point to the 
presumably high esthetic and amenity values that people 
place on the quality of their environment. We have not 
adequately measured the demand for esthetic services from 
common property resources, but because such demand seems to 
increase more than proportionally as leisure time and 


disposable income increase, we think it very important to launch 
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systematic studies of the esthetic consequences of 
environmental quality. 

The quantity of common property resources that 
can be used to supply esthetic services is fixed. Unlike 
other services that flow from common property resources 
such as waste disposal, transportation, and. irrigation, the 
esthetic and recreational services are consumed directly 
by humans. It can be argued, therefore, that they have 
fewer substitutes that provide equivalent final utility 
than the resource uses that are more similar to inter- 
mediate goods in production. For this reason, it is 
important to study more carefully the nature, magnitude and 
distribution of esthetic services provided by common property 


resources and to achieve rational use of those resources. 


ag es Perception of the Problem. 

The measurement of human perception of environmental 
qualicy is aniva primitive state of development. The rising 
tide of public agitation about pollution provides some 
indication that perception is growing rapidly. The low 
intellectual level of the public debate and the results of 
public opinion polls give evidence of a badly informed public 
and press. 

One of the great needs in Canada is for the production 
and publication Of better information about the state. of the 
environment, the reasons for our environmental problems. the 


consequences of those problems and the range of alternative 
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ways in which they can be treated. 

So far as the present level of public perception 
is concerned, it seems that concern about pollution takes a 
rear position in the worries that beset the average Canadian; 
most people seem to put the problems of inflation, opti 
nationhood, international problems, rae abuse, unemployment 
and poverty, adequate housing, the generation gap, crime 
and other local issues before the problem of pollution. 
Apprehension about global eco-catastrophe and pollution 
“elsewhere Vappear tO be more important to many Canadians 


than pollution problems close to home. 
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= The Nature and Costs of Environmental Quality Control. 
Effective management of environmental quality 
requires (1) a clear and unambiguous delineation of property 
rights in the common property resources of the environment 
and (2) the establishment of a means to enforce those rights. 
An array of possible instruments are available to 
accomplish this enforcement; they include direct regulation, 
pollution charges, subsidies and others. They operate with 
differing degrees of efficiency and equity, as we shall see 
later. But it probably matters less which instruments are 
adopted in what combination than that the matter be decided 
clearly, forcefully and soon. The present strategies for 
pol ve aon abatement at the provincial and federal levels may 
be regarded as a hodge-podge of stop-gap measures which avoid 
the fundamental issue of delineating and enforcing property 


rights in the environment. 


Se Some Basic Philosophy of Environmental Quality Management. 
Certain philosophical propositions must be 
established before a management strategy can be developed: 


(1) It must be accepted in principle that the air 
mantle, surface and sub-surface waters and 
certain other resources that may be so designated, 
are common property resources, l.e., that they 
belong to the people as a collective community. 


(2) The community through its governments, must 
energetically protect its ownership rights 
in common property resources through institutions 
which are assigned that responsibility. 
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(3) The community, through its government, 
must employ measures designed. to allocate 
common property resources in a socially 
optimal fashion. 


(4) pi vellise Ol fa “COMMON property resource (that 
reduces its quantity or quality should be 
regarded as an encroachment upon community 
rights, and, in! principle, should not be 
Poe. Diepeusniow ld De no Treeagom, Or DLeht 
to degrade common property. 


(5) The community, through its governments, 
should choose unambiguous quality standards 
for its common property resources. These 
standards should reflect the community's 
desired ambient environmental quality levels 
for all bodies of air and water and other 
resources throughout Canada. 


(6) Whatever the level of quality that the 
community strives to achieve in any given 
part of the environment, it should be achieved 
with maximum efficiency, i.e., with the 
minimum sacrifice of other desirable goods, 
services and public objectives. 


(7) The income redistributive effect (among regions 
and economic classes) of alternative programs 
affecting the environment should be taken 
explicitly into account at the planning and 
operational stages. 


These basic philosophical propositions are taken as 


axiomatic throughout the rest of this paper. The reader should 


examine them carefully to decide if he can accept them. We 


recommend them to the Government of Canada in the knowledge 


that their implications are profound and that they are 


controversial. 
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Establishing Environmental Standards. 


We believe that quality standards should be established 
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for all common property resources. Unbor luna te Ly.) ppes ent 
practice of developing these standards leaves much to be 
desired. They are usually established on the basis of some 
SGncepr or fa threshold tolerance level, i.¢.,.a level below 
which some kind‘ of damage is expected. These are sometimes 
modified by considerations of what is "economical and feasible". 
The standards themselves may apply to either or both the waste 
content of water or air discharged (effluent or emission 
standards - here called "discharge standards") or the 
concentration of materials in the ambient water or air (ambient 
standards). 

There is a serious danger in relying solely on 
discharge standards; the standards may be observed by all but 
the number of polluters may increase in such a way as to 
defeat the attempt to achieve the desired water or air quality. 
The environmental quality control system must aim to achieve 
ambient quality standards and the discharge must be consistent 
with the realisation of those standards. It is important to 
note that standards should pertain not only to the averfige 
concentrations of various pollutants in the environment but 
also to the frequency and duration when concentrations may 
exceed certain permissible levels. Standards should be 
defined for all significant pollutants while taking account 
of synergistic effects. 

There are several serious shortcomings of the 


"threshold" type of ambient standard. First of all, such a 
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standard implies an infinite value of at least maintaining 
the standard and a zero value for quality higher than the 
standard (see Figure la). Im fact.) ounsisiate. of medical 

and ecological knowledge does not permit us to select well 
defined critical levels. Neither from an esthetic nor 
economic point of view can we maintain the notion that a rise 
in water or air quality above the standard brings no value 
while a fall below it brings an infinite cost. 

It would be more sensible to recognise that the 
value (esthetic, health, ecological as well as economic value) 
that we realise from improved environmental quality, increases 
as the quality of the water increases but at a diminishing rate, 
perhaps reaching some maximum value, as displayed in Figure 1b. 

Let us look now at the cost side of producing 
various levels of water quality. In Figure 2, environmental 
quality is measured along the horizontal axis and the cost 
of achieving any given level of quality is measured along the 
vertical axis. The typical situation is displayed by a line 
of increasing steepness which indicates that as the quality 
of the environment is improved, the cost of achieving an 
additional unit improvement becomes greater and greater. It 
is important to realise also that the curve displayed in 
Figure 2, is the lower boundary of a set of feasible ways 
of producing each level of quality. As such, it may represent 
a combination of actions and activities that do one or more 
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Social 
Value 


A "threshold" standard placed, 
say, at q implies an infinite 


value of having at least q and 
a zero value of environmental 
quality greater than q. 
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Index of Environmental Quality 


The Paradox of a "Threshold" Standard 


Figure la 


Total Social Value 


Social As long as the curve rises, 
Value there is some incremental 


social value of improving 
environmental quality. 


0) Index of Environmental Quality 


A More Realistic View 


Figure lb 
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‘Total Social Cost 


Cost of Achieving 
Indicated Level 
of Environmental 
Quality 


0 
Index of Environmental Quality 


‘As ambient quality of a given 
body of water or air is improved, 
the cost of achieving another 
unit increase in quality increases 


tooatAtyva certain, point, the 
quality is so “good"™ that it 
becomes practically impossible 
to improve it at any cost. 


Figure 2 


Rising Incremental Costs of Achieving Environmental Quality 


Alter final demand 

Alter production processes 

Alter the nature or'mix of inputs 
Recycle wastes 

iPear Wastes 


Abate pollution by increasing natural 
asSimilating capacity. 


Figure 3 displays schematically how the choice of an 
Optimal water or air quality@standard might be made. The 
objective is to maximise net social benefits and, in Figure 3, 
this is achieved at the quality level of where the distance 
between the total value and total cost curves is at maximum. 

Unfortunately, we are unlikely to have the information 
necessary to actually compute the total value of alternative 
levels of environmental quality; it is quite difficult enough 
to carry out the computations required to estimate the cost of 
efficiently achieving alternative quality levels in a particular 
region or "problem shed". No economist with oe cost-benefit 
calculus is likely to provide a good measure of the total value 
curve. Then who, in a given region, should determine the 
total value curve? In a democratic society, it is hard to 
Suppress the idea that the resident people and their chosen 
political leaders should make these evaluations. Obviously, 
no collective decision is going to produce a nice smooth line 
such as those found in economics textbooks. Nevertheless, 


people's perceptions and evaluations of environmental quality 


an a 
; 


ne a ‘Faas aast 


, _ - 


eee aes 


haies. a= > time gc <4 
dca" 
: — 


- 
be 
ia | = 
; oa 
i] 
’ 


Total Social Cost 


Total Social Value 


S$ Cost and 
Social Value 
of Environ- 
mental Quality 


eo ewe a @ @ «8 a « 


{ 
0 T 
q 
Index of Environmental Quality 
Net social benefat is 


maximized at environmental 
quality level q. At this 


level, the difference be- 
tween total cost and total 
value is greatest. 


Figure 3 


Selection of the Optimum Level of Environmental Quality 


may differ from area to area and these must somehow be taken 
into account. 
Likewise, the cost curve will differ Spey aca 
place to place depending upon the circumstances. If there 
is a large concentration of population and industrial activity 
in a particular region, the cost of achieving any given level 
of environmental quality is likely to be a good deal higher than 
it would be in a pastoral back country or wilderness region. 
If one accepts the idea that both the total value 
curve (if it could be drawn) and the total cost curve of 
producing. alternative levels of environmental quality are 
likely to vary substantially from place to place, it is 
difficult to avoid the conclusion that the standards them- 
selves should also differ. For this reason, we favour 
regional environmental quality management, to allow variation 
from region to region Sf PRS standards, and to reject 
the idea of uniform air and water quality standards for all 
of Canada. Variation is necessary if we hope to maximise 
net social value from our environmental quality management 
program. It is necessary to keep in mind the possibility, 
of course, that undesirable and mutually destructive competition 
might arise between regions if they attempt to compete in 
attracting industry by offering lenient quality standards. 
For this reason, there is a need to maintain comparability 


and uniformity of approach to the problem of establishing 


é porte 
Srautiter Sita wer 


standards. There should be joint or central surveillance 
over all regional standards with the objective of avoiding 


fratricidal competition. 


Sees Oi io Lelency.. -Optimalityvand ouity. 

BiiceLeicy equines that any chosen level of 
environmental quality should be achieved at minimum social 
COE S:. For all emission points in a particular airshed, for 
example, the efficiency criterion requires that the costs 
of reducing discharge by an additional unit should be the 
same. PeaauailberconGgitLLOon rm s<not mets 1t° would be possible 
to reduce total costs while producing the same aggregate 
amount of discharge by requiring a source with low marginal 
abatement cost to emit somewhat less while permitting a 
source with higher marginal abatement cost to emit an equal 
amount more. Since the abatement cost functions of 
different discharges vary substantially, any pollution 
control instrument that requires an equal decrease in 
discharge or an equal quality of discharge for all dischargers 
is almost certainly not efficient. 

Within an individual firm, efficiency requires 
that each additional dollar spent on pollution reduction 
should be spent where it will achieve the greatest result. 
The firm could change the mix of output, alter the processes 
used, change raw materials, store wastes, treat the wastes, etc. 


When the efficient, least-cost combination of these methods 
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has been found, there should be an equal incremental abatement 
achieved by an additional dollar spent on any of the alternatives 
used. Pollution control instruments that compel or bias | 
managerial decisions toward any one kind of abatement method 

Will lead to inefficiency. 

Optimality means that from among the efficiently 
produced levels of quality in each "problem shed", the best 
choice is that which equalises marginal social benefit and 
the marginal Social cost of producing that level of quality. 
Furthermore, general equilibrium optimality requires that 
the prices of goods should reflect the costs of maintaining 
the quality of air and water at the socially optimal level. 
if .7,lorm example. the cost as -high of reducing pellution to 
the optimal level for thermal electric generating stations, then 
the cost of electricity to consumers should reflect this fact. 
In addition to the production costs of labour, materials 
and other conventional inputs, the long-run price of each 
good should reflect the marginal. residual control cost while 
observing the socially optimal level of environmental quality. 
The use of pollution control instruments that artificially 
lower marginal costs works against this general equilibrium 
optimality objective by encouraging the consumption of the 
good beyond the socially desirable level. 

In addition to the objectives of efficiency and 


optimality, an environmental quality management program may 


; _ - _ 
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have other objectives. Considerations of equity may be important. 

Abrupt changes in the "rules of the game" may cause 
damage to individuals and firms that many people would consider 
unjust. The sudden imposition of strict effluent regulation or 
high emission charges on a firm after an extended period of 
permissiveness may work a peer which many would consider 
inequitable. More importantly, the control agency should be 
alert to the income redistributive aspects of its environmental 
control policy... Avshitt of benefits from, for example, users of 
newsprint to sports fishermen may or may not be consistent with 
desired changes in income distribution. Even if lump sum transfers 
are a +s: A ae means of redistribution, it is advisable to be 
aware of the redistributive effects of control policies. In the 
final analysis, however, these equity considerations are ethical 
and not economic. They are, nonetheless, relevant and should be 
incorporated into the objectives or constraints of the 
environmental control program. 

To summarise, we wish to evaluate alternative control 
instruments in terms of (1) efficiency and optimality, (2) equity 


and -€3)* Sdmirntstrabron costs. 


So. Instruments of Environmental Control. 

In this section we seek to describe the modus operandi 
of several instruments of environmental control and to evaluate 
them in pi of the incentive that they provide dischargers to 
respect common property rights in a way consistent with the 


objectives of efficiency, equity and minimum administrative costs. 
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By direct regulation, we mean the following specific 


schemes: 
Ae ole tonsor discharge, The.complete 
prohibition by the public regulatory 
agency of any discharge of one or 
several wastes. 
For particularly toxic or otherwise harmful substances, 
absolute prohibition may be appropriate. For the great 


majority of waste materials, however, the air and water can 
assimilate some quantities with zero or negligible deleterious 
consequences to receptors. Absolute prohibition implies extremely 
or infinitely high social damage costs. Since complete cessation 
of the more common effluents and emissions would require extremely 
high social costs of abatement, gross misallocation of resources 
would result. Except for particularly harmful substances, we 
dismiss absolute prohibition as being impractical and undesirable. 
B. Uniform proportional reduction of discharge. 

The amposition by the public reguiatory 

agency of across-the-board reduction of 

discharge by a uniform proportion. Each 

discharger would be required to cut back 

his discharges by a given percentage. 

This scheme violates the efficiency criterion in that 

it requires dischargers with relatively high abatement costs to 
reduce discharges in the same proportion as those with relatively 
low abatement costs. The U.S. Federal Co-ordinating Committee on 
the Economic Impact of Pollution Abatement estimated that the 
cost of achieving a specific air quality standard could increase 


by 200 to 400 per cent if uniform proportional reduction on a 


year round basis were attempted. 
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On equity grounds, uniform proportional reduction of 
discharges imposes vastly unequal burdens on different dischargers. 
Those for whom abatement costs are relatively low suffer very little; 
those for whom the costs are high are asked to sacrifice Neartie 
Furthermore, this scheme penalises particularly those firms and 
municipalities that have already invested heavily in pollution 
abatement. 

Even the administrative costs of this scheme are 
considerable because it is necessary to ascertain the initial 
levels from which the cut-backs are to be measured. This 
informational problem is aggravated in the case of new plants 
or process changes in old ones; the discharger has every 
incentive to establish as high a discharge base as possible. 

The result may be even to increase the total amount of discharge 


in the long yun. 


C. Equal treatment. Every discharger is 
required to treat his wastes to a uniform 
level, i.e., to remove a uniform 
percentage of waste from his discharges. 

Equal treatment, like uniform proportional reduction 
of discharge (scheme B), is inconsistent with the efficiency 
criterion; it forces dischargers with high abatement costs to 
remove the same percentage of wastes as those with relatively 
lower costs. It biases abatement action toward treatment rather 
than encouraging the discharger to find the most efficient means 
of achieving effluent quality. A recent study of alternative 


control instruments that might be applied in the Delaware Estuary 


indicated that equal treatment was the most costly means of 
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achieving desired water quality standards; it was as much as 
three times as expensive as the effluent charge for some water 
quality levels.* It encourages the construction of small-scale 
treatment tacilities on the site of individual plants and 
municipalities and impedes the development of large-seale 
collection and treatment systems that enjoy large economies of 
SCaleur es 1c. bee tot exible and foe: no account OF Seasonal or other 
changes in the assimilative capacity of the environment; this 
attribute it shares with the other schemes of direct regulation 
discussed above. Finally, it provides no continuing incentive 
to the discharger to seek ways of further reducing discharges. 
Equal treatment is inequitable Bee heres imposes 
unequal ae Cneciiterent dischargers. |lts single redeeming 
feature is that it is simple in concept and easy to administer; 
informational and enforcement costs are less than most other 
alternatives. Perhaps for this reason, it is popular with many 
politicians and civil servants, a fact that has led to an 
undesirable emphasis on equal treatment in legislation recently 
passed in several North American ,jurisdictions. 
D. Differential discharge standards. 

ideally. 2 Systemsor discharge ‘standards 

tailored specifically to the cost 

conditions of each discharger and, in 

the aggregate, designed to achieve well- 


Specified ambient air or water standards. 


The efficiency criterion would be met by this instrument 


if it were to operate ideally. The water or air management agency 
would require full information "... concerning all the costs. associated 
: Fdwin l.dohnson, “A Study in the Economics of Water 


Quality Management", Water Resources Research, Vol.3, 
Now? 9 S675 pp «222-305. | 
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with existing and potential waste generation and disposal, and 
then it could establish a set of effluent standards that would 
have the same effect on resource allocation as an ideal system of 
charges."* The informational requirements for this system to 
work properly are enormous; so are the administrative costs 
because the regulatory agency must have the most up-to-date 
information on production and abatement technology, demand 
conditions, and financial condition of each actual or Pocenttal 


discharger. 


Empirical and simulation studies are needed to determine 
how sensitive the results of this system are to imperfect informa- 
tion. They may be very sensitive, indeed. In the worst case, 
this system engenders an unwieldy, regulatory bureaucracy, 
arbitrary, ad hoc arrangements, HomeaehaeR omen of ambient 
environmental standards, and graft. Nevertheless, it is popular 
with many politicians and civil servants. Certain industrialists 
are attracted by this scheme presumably because it is theoretically 
very effective and in reality offers ample scope to bargain and 


to work out acceptable "compromises". 


3.4.2 PsSubsadives 
It is important to distinguish between subsidies designed 
to provide incentives and subsidies designed to provide assistance. 


The former seek to influence behaviour; the latter aim to 


redistribute income or wealth. We are concerned here only with 
incentives. 
* Allen V. Kneese and Blair T. Bower, Managing Water Quality: 


Economics, Technology, Institutions, Johns Hopkins Press, 


Baltimore, 1968. 


E. Tax breaks. These include income tax 
credits and accelerated depreciation 
for investments in pollution abatement 
facilities. 
Tax breaks pose serious administrative problems 
because it is difficult to determine the share of a firm's 
capital investment that should be attributed ¥ pollution 
abatement. This 1s most obviously true when investment is 
undertaken to change the firm's production processes, a change 
which, among other things, affects waste production. To the 
extent that they encourage investment in treatment facilities, 
per se, tax breaks impel decisions toward long-lived capital 
investments and discourage efficient blending of capital with 
land, labour, process changes and shifts in product mixes. They 
tend to raise waste control costs because they give the discharger 
no incentive to minimise them. Finally, tax breaks tend to reduce 
the prices of products produced by the polluting firm; this drives 
product prices even farther below their true social opportunity 


Coogi 


On the equity side, tax breaks are unfair to firms who 
undertook waste abatement investments before their inauguration. 
They are of no help to the firm making little or no profit against 
which to apply the tax credit or depreciation allowance. Large 
firms, with better access to capital markets, are benefited more 
than smaller ones. The income redistributive effects from the 
general taxpayer to the polluting firm may not be consistent with 
social objectives, especially if the general tax structure is re- 


gressive. Tax breaks tend to distort the tax structure, erode the 
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revenue base and establish precedents for the creation of loopholes. 
Furthermore, they provide hidden and, therefore, uncontrollable 
transfers to the beneficiaries which are unpredictable because they 


depend upon private investment decisions. 


In summary, tax breaks are among the worst instruments 


for promoting. envamoniemtemaqusix ty controls + Trey! areyineffectave, 
inefficient, and inequitable. They ought not to be used. 
F. Easy credit. This includes low-interest 


icans with, perhaps, forgiveness of all 

ortiparts Of! principal forthe purpose of 

installing pollution abatement facilities. 

Easy credit shares many negative features with tax breaks. 

It has the same administrative problems of ascertaining what part of 
a proposed investment project is actually for pollution abatement; 
the borrower has every incentive to exaggerate this. It is biased 
toward capital investment and inhibits efficient waste control 
management. It tends to boost waste control costs because of the 
counter incentive to qualify for more loans by treating more expen- 
Sively; both tax breaks and easy credit may actually increase waste 
production as the firm attempts to exploit the opportunity for sub- 
sidy. Easy credit also drives a wider wedge between product prices 


and true social opportunity costs. 


Easy credit may be somewhat less inequitable than tax 
breaks -- mainly because loans must eventually be repaid. The best 
case for easy Sess is in loans to municipalities for domestic 
sewage treatment facilities. The regressive structure of most 
municipal and other local tax systems in Canada may confer some 


redistributive merit on Federal subsidies. So may also the strong 
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tax base possessed by the Federal Government. Industrial users of 
municipal waste treatment facilities should not be subsidised but, 
rather, be required to pay service charges for the treatment of 


their wastes. 


G. Bribes. These are payments "not to pollute" 
and are paid per unit of pollutant not 
discharged. 


Kneese argued that theoretically the choice between 
effluent charges and bribes is only one of equity and not 
Shitereicy iitesuuates se'Strickiyi trom the point of view of 
resource allocation, it would make no difference whether an 
effluent charge was levied on the discharger or a payment was made 
to him for not discharging wastes".* He recognised that there 
were serious administrative problems in the way of applying bribes, 
especially when firms move into and out of the management area. 
Kamien, Schwartz and Dolbear** acknowledged that bribes and 
charges are formally equivalent but argued that the management 
agency would find it impossible to obtain the information 
necessary to establish optimum bribes, viz., the amount that each 
discharger would discharge in the absence of bribes. The agency 
would, therefore, tend to measure reduction in discharge from 
what had previously actually been discharged. They concluded that 
to. “ee bDetbe wilisdead to at least acs great a level of output 
and waste discharge as a charge". 


°, 


* Allen V.Kneese, The Economics of Regional Water Quality 
Management, Johns Hopkins Press, Baltimore, 1964. 


re MI Kamien. Nw. oenwartz and Pore polbears~ "Asymmetry 
between Bribes and Charges", Water Resources Research, 
Vol). 20 Nowa s too b, Dewy (= 57/.. 
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In some cases, the waste output will be as great when a bribe is 
offered as when there is no intervention by the agency.* Long run 
asymmetry between bribes and charges was noted by Bramhall and 
Mills ; relative prices under the two schemes can be expected to 
vary in the long run with those in the bribe case being lower and 


not reflecting the full social cost of their production. 


To summarise the present statevor the bribes-charges 
controversy, we can say that optimal bribes impose a much greater 
informational requirement on the regulatory agency, they redistribute 
income from the general taxpayer to the discharger and the consumer 
of his products, and they result in long run distortions of relative 
prices PUriicmore, since the televyant information would’ be 
impossible to obtain in practice, the bribe could not be as efficient 


" 


as a charge. Finally, the “...administrative authority would have 


to stand ready to make payments to industrial plants which never do 
locate in the area but which would do so if a payment reflecting 


the costs their effluents would impose were not made. Payments on 


ee 
Week oe 


this basis would of course, be an open invitation to extortion. 


We may conclude that bribes are an impractical instrument 


of environmental quality control. 


3.4.3. Charges and fees. 


H. Charges. Payment of fees, established by 
the control agency, per unit of effluent 
dumped into public sewers (service fees) 
and effluents or emissions discharged 
into the water or atmosphere. 


* Kamien €6t.al., op.cit., pp.147-157. 


9, 


** Kneese and Bower, op.cit., 1968. 
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Effluent and emission charges may be set in two ways: 
(1) At an optimal level equal to the marginal social damage cost 
of pollution and the marginal social cost of pollution abatement. 
(2) At a level calculated to induce dischargers to discharge the 
amounts of waste consistent with maintenance of a predetermined 


standard of ambient air or water quality. 


| 


The first method required that the pollution control 
agency knows the "damage function" which is the "functional rela- 
tionship between the amount of a waste discharged and damages."* 

This 2S practically “impossible flor the following reasons: First, 

to assess "damage costs", it is necessary to identify those who are 
"damaged", often not an easy task. It is not the entire value of 

the damaged activity which can a counted as damage costs; only the 
difference between the gross value of the activity and the value of 
the employment of its Sena oe in the next best employment qualifies. 
Second, it is extremely difficult to observe the "damages" suffered 
by firms who might have moved to the area but who did not do so 
because of the excessively low environmental quality. Third, 
environmental quality is very much a "public good" where marginal 
rates of substitution (or willingness to pay) should be summed over 

a multitude of people who will have an incentive to conceal their 
willingness “to pay for fear of being itaxed. > Fourth, scientific 
knowledge cannot provide us with reasonably good estimates of health 
and ecological damage. Fifth, nonlinearities do exist in some damages 


of which we know. 


CC 


Kneese and Bower, op.cit., 1968. 
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The second method of establishing effluent and emission 
fees envisions the prior establishment of ambient air or water stan- 
dards for the relevant bodies. The fee is then established at a 
Level when wilt anduce diechargers to tailor their discharges to ~ 
levels that, in the aggregate, are consistent aaen the desired stan- 
dard. Experimentation may be needed, in the absence of full infor- 
mation about the dischargers! abatement cost functions, to arrive 
at Tieweotre et evel -OreLne charge. Jf thetcharge initially 
established does not induce a reduction of discharge sufficiently 
great to achieve the desired standard, the control authority should 
raise it. Likewise, when new industry and population enters the 
area, the charge may be raised to maintain the total amount of dis- 
charge at the required level. This process of successive approxima- 
tion may be costly in that firms may make investment decisions on 
the base of erroneous information in an early approximation. Much 
more needs to be known about conditions for and speed of convergence 


under difrerent cost conditions and market structures. 


In general, the efficiency properties of effluent and 
emission charges are good. Firms have a continuing incentive to 
seek efficient ways of controlling their waste. Discharges are 
allocated efficiently among firms. A fee that varies with peak loads 
and variations in hydrology or meteorology provides additional in- 
centive to discharge waste in the least damaging way. Dischargers 
have an incentive to "schedule" high-concentration, short duration 


waste release for periods when the damage will be minimised.* 


* “Eawar Di ichigo, op cit; pp. "2a lous. 
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Finally, product «prices wil) ttend ‘tonrefilect the cost of 
efficiently controlling waste disposal. Buchanan has pointed 
out that effluent charges levied on a discharger who is alsoa 
monopolist (i.e., faces a declining demand curve) will drive 
output farther from the socially optimal level.* Likewise, 
Kneese and Bower warn that there may ne ditficuittites a .lawhere 
a stream standard affects only one or a few dischargers and 
requires only low level treatment for its attainment."** 
Nevertheless, we are justified in thinking that the efficiency 
properties of charges are superior to all other alternatives 
examined above. 

From an equity point of view, charges treat equals 
equally and discriminate objectively Mite non-equals. Administrative 
costs are not inconsiderable because much monitoring must be done. 
The further technological development of effective and economical 
automatic air and water monitoring devices will assist greatly. 

Even now, much of the monitoring burden could be thrown onto the 
individual discharger who could be required to monitor his own 
discharges. A well designed sampling program could help the control 
agency to maintain "quality control" over the monitoring -- much 


along the lines that the income tax system is policed. 


I. Discharge warrants. These are warrants of 
Specific duration permitting the owner to 
discharge specified amounts of effluent or 
emission into the water or air. 


*James M.Buchanan, "External Diseconomies, Corrective Taxes, 
and Market Structures", American Economic Review, LIX, 1, 
March, 1968, pp.174-17/7. 

**Kneese and Bower, op.cit., 1968. 
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John Dales ingeniously proposes that ambient 
environmental standards be translated into quantities of 
various pollutants whose discharge would be consistent 
with achievement of the desired standards. Warrants 
entitling the bearer to discharge specified amounts of 
waste would then be issued. The CHAE discharges allowed by 
the warrants would be consistent with the standard. These 
warrants would be negotiable assets which would be sold by 
the control agency to the highest bidders. 

Datco wechene lds Many attractive properties. 
It would achieve the same degree of efficiency as a system 
of effluent or emission charges. Furthermore , it would 
obviate the necessity to Tee cue finding the proper 
level for the charge; the possible losses resulting from slow 
convergence would be avoided. Informationally, the scheme has 
minimal requirements. It would not be necessary for the control 
agency to know anything about the cost and technology conditions 
oF actualmcr potenitaal polluters. The warrants could bei setied 
with staggered dates of maturity so that they could be retired 
atten sa finite veriod.. The political authorities. would need 
periodically to review the level of discharge being permitted 
in the light of new developments. It could then decide to raise 
or lower its desired standard of quality and alter the number 
of warrants issued accordingly. 

As described in his writings, Dales' scheme would not 


respond well to seasonal and other short-run variations in the 
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assimilative capacity of the environment. Further elaboration 
of the discharge warrant instrument should resolve some of the 
Major ditt culties gil tts «use. * 

As economic incentives for environmental quality 
controls highest honours go to veffluent ,¢or emission) charges 
and discharge warrants. Tineweas desi Table tare we ome- gor 
the most frequently encountered in practice, e.g., tax 


breaks, subsidies and direct regulation. 


oon The Distribution of Environmental Quality Services. 

In this section we attempt to analyse the income 
redistributional impacts of the flows of services from the 
common property resources of the environment. 

The consumption of goods and services imposing 
residuals loads on the environment varies with income, but 
at a decreasing rate. The implication is that disproportionally 
greater "benefits" from the waste disposal services redound to 
the benefit of the well-to-do. 

As we have noted, there is strong evidence to support 
the proposition that the value of air for life support and 
amenities declines as the ambient concentration of pollutants 
goes up. Health damages are associated with both chronic and 
acute Trexposures Because air quality tends generally to be 


lower in city centres (where the poor live) than in outlying 


* John H.Dales; Pollution, Property and Prices, University 
of Toronto: Press, Toronto, duos. 
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residential areas (where the more affluent live), we 
hypothesise that the poor bear an absolutely greater share of 
the burden of air pollution. 

A priori reasoning leads us to believe that 
the use of water-based and land-based recreational services 
is related positively to income, i.e., thet the morepaiiluent 
make relatively more use of this environmental service. This 
is because cottageing, boating, hunting and fishing, for 
example, require expenditures for complementary goods and 
services (buildings, equipment, travel etc.). A recent 
empirical study corroborates this reasoning.* ) 

In summary, it is the relatively affluent who 
benefit relatively more from the flow of environmental 
services wee one notable exception: the services of clean 
urban air. The poor suffer most from air pollution and 
stand to gain disproportionately from an improvement in 


urban air quality. 


Rid es The Costs of Environmental Quality Improvement. 
Conventional wisdom has it that the costs of 

reducing environmental degradation will be very high. Our 

own estimates, on the other hand, lead us to believe that this 


is not the case, at least over a very significant range of 


*C.J.Chicchetti, J.J.Seneca, and P.Davidson, The Demand and 
Supply of Outdoor Recreation, Bureau of Economic Research, 
Rutgers University Press, 1969. 
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improvement. 

A study of the probable costs of enforced water 
and air waste treatment in the Canadian pulp and paper 
industry, a pollution-intensive industry, concluded that 
removing nearly all residuals would cost the industry something 
between. 6’rand' 10 per cent of “the sales Price Gf the product. 

Less detailed studies of other pollution-intensive 
industries leads us to believe that the long run cost increases, 
after adjustments had been made, would be in the same range 
as pulp and paper industries. 

For the economy as a whole, we believe that large 
improvements in environmental quality can be had for modest 
costs in terms of GNP foregone. The costs would appear to 
be on the same order of magnitude as a round of wage increases. 

Thetis note to deny that 1t is possibile to spend 
vast resources while achieving modest environmental quality 
improvements. A strategy of large-scale Federal funding of 
sewage treatment facilities and subsidisation of industrial 


"pollationreduetion"™™ would probably do Just that. 


* E.Q.M. Working Paper #18, "An Analysis of the Economic 
Impact of Enforced Waste Load Reduction in the Canadian 
Pulp and Paper INdustry", Systems Research Group, 1970. 
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4, Basic Federal Strategy for Environmental Quality 
Management. 


This section contains recommended elements of 
basic strategy. As was indicated in Section l, eueae 
omitted our recommendations concerning Federal organisation 
for environmental quality management. * 


(1) Accept the philosophical propositions of 
Section 3. ie 


(2) Strive to achieve environmental quality 
objectives by decentralising decision- 
making to the lowest level where it 
Canebe. done. 
We see no merit in building large and expensive 
aeerme ae bureaucracies unless it is absolutely clear 
that they are necessary. While residuals management is 
not the entire task of environmental quality management, 
it is an extremely important part and one in which we think 
the decentralised approach will work best. 
The essence of the decentralised approach is that 
the information confronting producers and sewenees Should 
induce them to take. full account of the social costs of their 
residual disposals. To the extent that they do, the "external" 
costs will be"internalised" and efficient behaviour promoted. 
They will have incentives to develop less residual-intensive 


products and processes, to use inputs with fewer environment 


destroying wastes and to recycle residuals back to productive use. 


*But these may be found in our Working Paper #6, "Alternative 
Organisational Structures for Environmental Quality Management", 
Systems Research Group, July, 1970. 
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The major alternative approach of centralised 
control implies the need to build large administrative 
organisations that require immense quantities of data to 
function even moderately well. It implies also heavy 
governmental expenditures, arbitrary regulatory action, 
possible constitutional and political conflicts with the 
provinces, and inefficiency. 

(3) Make use, and encourage the provinces 

and various regional environmental 
agencies to make imaginative use of 
taxes and charges as instruments of 
residuals management control. 

To place a charge on residual discharge or, where 
this is not feasible, to impose a tax on pollution-intensive 
products, processes or materials, is to put the incentives 
of producers and consumers in the right place. It motivates 
them to find alternatives that achieve their ends without 
degrading the common property resources and imposing an external 
cost on society. Furthermore, these fiscal instruments 
produce revenue that can augment government coffers. That 
the community should be paid for services derived from common 
property resources is entirely fair. 

(4) The regional nature of most environmental 

problems and local differentiation of 
tastes, perceptions and tradeoffs between 
environmental quality and other objectives 
should be recognised. 


The sources and effects of nearly all residual mis- 


management are located in regions which are small by comparison 
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with Canada. These regions may, however, cross municipal, 
provincial, and international boundaries. « Regional 
differentiation of costs and benefits of environmental 
quality implies a regional approach to its management. 

We recommend that the Federal Government ene e the 
creation and effective Aaa of regional or “problem 
shed" environmental management agencies. The Canada 
Water Act provides, wisely, for such a regional approach 
and for the participation of tthe provinces in the creation 
and operation of regional water management agencies. 
Because of the constraints imposed by the British North 
America Act, we believe it necessary for the Federal 
Government to cooperate with the provinces if it is to 

play a constructive role in environmental Pea management. 
Furthermore, we believe that the local nature of most 
environmental problems warrants the strong participation of 
local levels of government. 

In general, we recommend that the Federal role be 
one of encouragement, of support to and cooperation with local 
organs of government in efforts to mount effective programs 
of environmental quality management rather than of pre-emption 
and unilateral action. Only where the national interest is 
clearly at stake and the provinces are unable or unwilling to 
cooperate, admittedly a difficult point to determine, should 


the Federal Government act unilaterally. 
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(5) Effective environmental quality management 
requires much better information on (i) 
the quality of the environment in the 
various regions, (ii) analyses of how 
and why environmental quality is changing, 
(iii) analyses of the consequences of 
environmental quality and (iv) peoples 
perceptions and preferences about 
environmental quality, (v) the technology 
of residuals management, and (vi) the 
effectiveness of control programs. 
Several extremely important informational functions 
are clearly within the domain of the Federal Government. 
First, the Federal Government should take the 
initiative and,with the provinces, establish a nation-wide 
environmental quality monitoring system. Parts of ‘such a 
system now exist, but it should be greatly strengthened. 
Second, the Federal Government should issue an 
annual report on the state of the environment. Hhis: should 
be a comprehensive review of relevant environmental matters 
and of significant changes in environmental quality over the 
year. It should be comparable in scope, objectivity and 
quality to the Report of the ‘Economic Council of Canada. 
Third, the Federal Government should conduct and 
disseminate special studies into environmental problems in 
Canada. These again, might be modelled after the various 
studies and reports of the Economic Council. 


Fourth, the Federal Government should conduct and 


sponsor an expanded program of research into important problems 
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of the environment. The objectives of this research should 
be explicitly formulated. Among the major categories would 
be (1) to learn more about the impact of environmental 
degradation on receptors, (2) to learn more about the damages 
suffered by groups of people, (3) to learn how residuals 

can be managed more effectively, and (4) to induce private 
industry to adopt pollution-reducing innovations. 

Fifth, to disseminate to regional environmental 
management agencies, information about setting standards, 
effective instruments, technology, planning techniques and 
control systems so that they can function most effectively. 

Sixth, to serve as a clearinghouse in Canada for 
data, technology of control, research results and other 
relevant information produced in Canada and abroad. 

(6) Work to strengthen the ability of private 
citizens to employ legal means to protect 
common property resources. 

Although we believe that good legislation Cat 

both Federal and provincial levels) to establish regional 
environmental quality management agencies is necessary, 

we do not believe it is sufficient to ensure that common 
property) rights are: safeguarded. The statute books are 
replete with legislation prohibiting acts deleterious to 

the environment, legislation which has never or rarely been 
enforced. Examples of public regulatory agencies and other 


government bodies that have failed, for various reasons, to 
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discharge their duty are all too easy to cite. Today, 

at a high tide of public concern about environmental 
degradation, once lethargic agencies ostentatiously pursue 
offenders. But what will nas een tomorrow when the public 
ire focuses on to another outrage? Will the honeymoon 

of regulators and regulated be resumed? 

One robust and durable instrument of control is the 
effluent (or emission) charge. This makes the cost of 
residuals handling a normal cost of doing business. But 
effluent charges and administrative machinery are most 
appropriate for the regular and recurring residuals management 
problems. They hardly suffice for the unusual and unexpected 
problems of.environmental disruption; the bulldozing of an 
urban green area to erect a Subdivision, the laying of an 
expressway through, a .park..,<¢itc. 

Not every problem of environmental disruption can 
be foreseen ; a means must be provided for coping with 
unanticipated infringements on common property resources. One 
alternative is to empower a governmental agency to scrutinise 
and approve every change that might affect the environment. 
We do believe that the Federal Government should carefully 
review all of its operations to see that they conform to its 
own and local environmental standards. Bu tor reduirers sk 
private actions that might potentially affect the environment 


to receive prior governmental approval would be to invite 
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bureaucratic paralysis. 

We propose that local organs of government and 
private citizens be authorised to go to court and challenge 
activities that, prima facie, infringe upon common property 
rights. Legislation recently introduced into the 
Michigan House of Representatives provides an example for 
study; excerpts are reprinted below.* 


peti Ane \aetorney, general; a tcity 
village or township or a ‘cttizen of the 
state may matntatn an actton for declaratory 
and equitable relief tn the name of the 
state against any person, tnecludting a 
governmental tnstrumentality or agency, 
for the iprovectionwof the @im, water and 
other natural resources of the state from 
pollution, tmpatrment or destruction, or 
[OP PYrOteCtToOn- Oo; the publie trust 11 the 
a tile Care's Cvlmeie s topricie Estate : 


SeG2.d .(L) Wren the plaiuzity, in tie 

actton has made a prima facte showing that 
the conduct of the defendant has, or te 
YeEQSOndply Ltkely to polluce, tinpdir or 
d@etwoy the dtr, ~water. or oLnear narurat 
resources of the publte trust of the state, 
the defendant has the burden of establtshing 
that there ts-no feastble and prudent 
alternative and that the conduct, program or 
product at tssue ts conststent with and 
reasonably requtred for promotton of the 
publte health, safety and welfare in light 
of the state's paramount concern for the 
protection of tts natural resources from 
pollutton, tmpatrment or destructton. 


Legislation of this kind in Canada presumably lies 
within provincial jurisdiction but the Federal Government could 


promote its development. Realism demands that we anticipate 


* "Natural Resource and Environmental Protection Act of 1969", 
House Bill 3055, House of Representatives of Michigan. 
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substantial opposition from many official quarters to such 
an e@XtensionvOr Power* to private cxtizens Nevertheless, 
such a measure would put something more than rhetoric behind 
the concepts of participatory democracy and common property 
Pights. 
C75) Government agencres *with’7urrsdretion 

in environmental quality management should 

SyVStematrealty = provide ‘ror stidrtes of 

both public and managerial perceptions 

and attitudes as a normal part of any 

process of policy formulation, program 

development ;> project design or planning. 

Studies of perceptions and attitudes should be used 
as a means of providing new inputs of data into the management 
of environmental quality and such data should be regarded 
as part of the standard requirements fully comparable in 
Significance with engineering and economic data and analyses. 

Studies of people's perceptions and attitudes may 
raise legitimate fears among the public and the government 
offirerals’ Adequate safeguards must =be-provided to protect 
people from invasion of privacy and manipulation to serve 
political ends. 

The safest guarantee that can be provided is open- 
ness and all studies of perceptions and attitudes should 
therefore, be made openly, with the individual's consent and 
the results of all such studies and analyses should be made 
available to the” publiec, but: in such «away as to protect 


the identity and privacy of the individuals involved, except 


in such cases where they explicitly request otherwise. 
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Since studies of public perceptions and attitudes 
can play a more useful role when the public is informed and 
made aware of the choices available, the act of studying 
public perceptions and attitudes should be regarded as part 
of a continuing two-way process with feedback loops in 
which information is supplied to nora tes ts .of 
perceptions and attitudes are made and the results of such 
tests are then in turn made available to the public together 
with such further information as may be requested. 

Perception and attitude studies should be regarded 
not as an end in themselves, but as a vehicle for the more 
direct involvement of the public in environmental quality 
management especially for those who rata be directly affected. 

Perception and attitude studies should be regarded 
as complementary to, and not substitutes for, other means of 
information exchange and flow of ideas in both directions 
between government and citizens. Traditional and conventional 
means of information exchange such as is provided by elected 
representatives, the mass media, private surveys by polling 
OPeanisations and publie near gs. ali need to be further 
encouraged, developed arid in some cases directly assisted. 

The role of perception and attitude studies may 
be expected "to. vary “according to the*level or. scale of the 
management problem. Where the problem is local or regional 
in scope, perception and attitude studies can best fulfil 


their role as a vehicle for citizen participation. 
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At the provincial or national level there is need 
to monitor shifts in public attitudes and perceptions over 
time both to assess the direction and the rate of change. 

Since the design of perception and attitude studies 
involving public participation raises many complex questions 
some preliminary steps are desirable. These should include: 


(a) conducting one or two pilot experiments 
possibly on a river basin basis; 


(b) establishing a consulting group and/or 
series of workshop sessions of knowledgeable 
persons: to aeoivetnin .conducting the, pilot 
experiments and to advise and help develop 
techniques and review progress. 

Data on human perceptions of environmental 
quality should be given explicit recognition in the 
development of environmental criteria. 

(8) Large scale Federal subsidisation of 

municipal and industrial waste 
treatment facilities is not desirable, 
per se, asi part. of the. Federal program 
of environmental quality management. 

In principle, municipalities: and andustries should 
bear the cost of their own waste treatment. Exceptions ‘to 
this would be for demonstration or pilot projects. Realism 
compels us to recognise that this common practice may need 
to be continued for three reasons: (1) To stop the present 
CMHC subsidies would likely be interpreted as Federal 


indifference to the problems of the cities and pollution. 


This is hardly a political stance thet the Federal Government 
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wants to seem to adopt. (2) The strength of the Federal 
tax base relative to that of the municipalities and the 
regressive nature of the latter may justify the subsidy. 
There 1S some merit in this argument but it would be preferable 
LO Pebale ax spOintsetoO the cities: 2f ee ate 2) The 
subsidies are a form of Hoes income equalisation. Again 
there is some validity in this argument although the over- 
Whelming bulk of the OMHC funds have gone to Ontario, hardly 
the neediest province. In any case, untied subsidies or tax 
rebates would appear to be preferable. 
It is probably politically inexpedient to stop the 
CMHC subsidies. Nevertheless, they are clearly a "second 
best" means of promoting water quality. 
(9) The Federal Government should lead the 
way in establishing ever more strict 
standards on automobile emissions and 
in promoting urban transportation 
alternatives to the private automobile 
powered by internal combustion. 
The private automobile is responsible for a 
major portion” of upban “air poliution as well as undesipabic 
land use patterns. Controlling thie pollu tLom shou. 


be a lon “term +obyective Of high priorriy, for the, Federal 


Government. 
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Environmental Quality Management Working Papers 
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The Canadian Constitution and Environmental Quality 
Management 


Common Law and Environmental Quality Management 


Canadian Legislation Pertaining to Environmental 
Quality Management 


An Opinion on the Constitutional Validity of the Proposed 
Canada Water Act 


Environmental Control and Different Levels of Government 
Alternative Organizational Structures and EQM 
Perception and EQM 

Newsclipping Survey 

Models for EQM Research 

A Survey of Simulation Models for EQM 

The Waste Production Model 


Inventory of Canadian Pollution Problems 


Ecological, Health and Resource Implications of Environmental 
Disruption 

Economic Incentives and EQM 

Damage Functions 

Environmental Quality Standards 


Competitive Structure in the Pulp and Paper Industry 


An Analysis of the Economic Impact of Enforced Waste 
Load Reduction on the Canadian Pulp and Paper Industry 


Brologi cal Errects sof Pulp and Paper Pollution 
The Ecological System 


The Technology of Monitoring 
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